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METHOD FOR MANUFACTURING TURBINE
ROTOR BLADE

TECHNICAL FIELD

The present invention relates to a method for manufac-

turing a turbine rotor blade which molds a blade section
including an excess thickness section by forging.

BACKGROUND ART

In a general turbine (for example, a steam turbine), a rotor
which 1s a rotary shaftt 1s rotatably supported by a casing, a
rotor blade 1s 1nstalled on the outer peripheral section of the
rotor, a stator blade 1s installed on the mner wall of the
casing, and a plurality of the rotor blades and a plurality of
the stator blades are alternately provided 1n a steam passage.
Moreover, the rotor blades and the rotor are rotatably driven
while steam flows into the steam passage.

In this steam turbine, the rotor blade includes a blade base
section which 1s fixed to a rotor disk of the rotor, a platform
which 1s integrally formed with the blade base section, a
blade section 1 which the base end section 1s joined to the
platform and extends to the tip section side, and a shroud
which 1s connected to the tip section of the blade section. In
addition, the rotor blades are fixed so that a plurality of the
base end sections are arranged along the peripheral direction
on the outer peripheral section of the rotor disk, and are
annularly disposed around the axial direction of the rotor so
that the shrouds of the tip section come 1nto contact with
cach other.

As a method for manufacturing the steam turbine rotor
blade, for example, in PTL 1, a method for manufacturing a
turbine blade (rotor blade) made of a titanium alloy capable
of withstanding erosion (corrosion) and having excellent
reliability 1s disclosed. The method for manufacturing the
blade includes a forging step of forming the turbine blade
made of the titanmium alloy by hot-forging, a step of more
rapidly cooling the tip side of the blade leading edge section
of the turbine blade including a cover formed by the hot-
forging than a blade main body, and a step of heat-treating
the turbine blade after the cooling.

CITATION LIST
Patent Literature

P1L 1: Japanese Patent No. 3531677

SUMMARY OF INVENTION

Technical Problem

In the above-described method for manufacturing the
blade, generally, a machining step of cutting the rotor blade
to form a final blade surface shape of the rotor blade after the
step of the heat-treating 1s performed. In this way, 1n order
to perform the cutting of the rotor blade 1n the machining
step, as shown 1n FI1G. 10, 1n the forging step, 1t 1s necessary
to perform the forging in a state where an excess thickness
section 131a becoming a portion to be cut 1s provided on a
blade section 123 of the rotor blade. Specifically, FIG. 10
shows the cross section of the blade section 123 in a state
where the excess thickness section 131a 1s provided so that
a distance from the blade surface of the blade section 123 of
the rotor blade to the surface of the excess thickness section
131a 1s substantially uniform over the entire blade surface.
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When the rotor blade 1s formed by forging, in the blade
section 123 on which the excess thickness section 131a 1s
provided, there are a portion having a thick plate thickness
and a portion having a thin plate thickness 1n a blade length
direction. In addition, 1n a step of cooling the blade section
123 having the forged excess thickness section 131a after
the forging step ends, a temperature diflerence 1s generated
between the portion having the thick plate thickness and the
portion having the thin plate thickness in the blade length
direction, and thus, heat stress is generated in the inner
portions of the blade section 123 and the excess thickness
section 131a. The heat stress increases as the temperature
difference increases, and particularly, plastic deformation
may locally occur 1in the blade section 123 and the excess
thickness section 131a in the portion having a thin plate
thickness. Moreover, due to the local plastic deformation,
residual stress may occur, and warping, bending, or twisting
(hereimaftter, referred to as “deformation of the entire blade™)
of the entire blade section 123 may occur.

FIG. 11 shows a deformation amount of the entire blade
at a position in the blade length direction from a platform of
the blade section 123 1n each combination between a weight
ratio and the thickness of the excess thickness section 131a.
The “weight ratio” indicates a ratio of a sum of the weight
of the blade section 123 and the excess thickness section
131a with respect to the weight of the blade section 123. As
shown 1n FIG. 11, the deformation amount of the entire
blade 1n the blade base side having a great plate thickness 1s
small. However, the deformation amount of the entire blade
1s likely to gradually increase toward the blade tip side
having a small plate thickness. When the deformation of the
entire blade occurs, 1 order to perform a step of heat-
treating and a machining step which are the subsequent
steps, a processing of returning the shape of the blade
section 123 to a shape similar to the shape of the final blade
section 123 by cold working such as manual working or
simple pressing 1s required. As a result, there 1s a concern
that work efliciency may be decreased. In addition, deviation
in the shape of the final blade section 123 may occur due to
the manual working, the simple pressing, or the like.

Moreover, as described above, when a local plastic defor-
mation occurs during the heat treating, or when the cold
working such as the manual working or the simple pressing
for correcting the deformation of the entire blade to a shape
similar to the shape of the final blade section 123 1s
performed to carry out the step of the heat-treating and the
machining step which are the subsequent steps, residual
stress remains on the blade. In addition, a debarring step,
when portions (burrs) unnecessary in the forging are
removed, or when the excess thickness section 131a 1s cut
in the machining step, the residual stress i1s released, and
thus, the warping, bending, or twis‘[ing of the entire blade
section 123 may occur. In addition, 1n the heat treatment step
which 1s generally performed before the machining step,
when a yield point 1s decreased due to the heating, the
residual stress 1s released, and thus, the warping, bending, or
twisting of the entire blade section 123 may occur. More-
over, also during the cooling after the heating of the forging
in the heat treatment step, the temperature difference 1is
generated between the portion having a thick plate thickness
and the portion having a thin plate thickness 1n the blade
length direction, and heat stress occurs in the inner portions
of the blade section 123 and the excess thickness section
131a. The heat stress increases as the temperature difference
increases, and particularly, the plastic deformation may
locally occur in the blade section 123 and the excess
thickness section 131a in the portion having a thin plate
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thickness. Moreover, due to the local plastic deformation,
the residual stress occurs, and the warping, bending, or

twisting of the entire blade section 123 may occur.

An object of the present invention 1s to provide a method
for manufacturing a turbine rotor blade wherein the warping,
bending, or twisting of the entire rotor blade, which 1s
provided with the excess thickness section after the forging
step, 1s suppressed.

Solution to Problem

In order to achieve the object, according to a method for
manufacturing a turbine rotor blade of the present invention,
there 1s provided a method for manufacturing a turbine rotor
blade 1n which a plurality of the rotor blades are fixed to be
arranged along the peripheral direction of a rotor on the
outer periphery of the rotor rotatably supported 1n a turbine,
including: a forging step of providing an excess thickness
section on a blade section of the rotor blade, and molding a
forging, 1n which an excess thickness amount which 1s the
thickness of the excess thickness section gradually increases
from a prescribed position of the blade section 1n a blade
length direction toward a blade tip side, by die forging; and
a machining step of cutting the excess thickness section
from the forging and forming the blade section. In the steps,
in the forging step, the prescribed position may be any
position between the base end section of the blade section
and the center section of the blade section, may be any
position between the base end section of the blade section
and a position at which a stub 1s formed 1n the blade section,
or may be any position between the base section of the blade
end section and Y of the length of the blade section 1n the
blade length direction.

Accordingly, in the blade length direction of the forging
(including the blade section provided with the excess thick-
ness section) which 1s molded by the die forging in the
forging step, the difference in the thickness between a
portion having a thick plate thickness and a portion having
a thin plate thickness 1s substantially removed or decreased.,
and thus, the temperature difference of the entire forging 1s
decreased. In addition, stiflness of the entire forging is
improved. Therelore, 1n a cooling step which 1s the next step
of the forging step, heat stress does not easily occur in the
inner portions of the blade section and the excess thickness
section, and 1t 1s possible to suppress occurrence of local
plastic deformation of the blade section and the excess
thickness section in the blade length direction. Since the
occurrence of the local plastic deformation 1s suppressed, 1t
1s possible to suppress occurrence ol warping, bending, or
twisting of the entire blade section, and it 1s also possible to
decrease residual stress occurring i1n the cooling step. In
addition, since it 1s not also necessary to perform the
processing which returns the blade section to a shape similar
to the shape of the final blade section by cold working such
as manual working or simple pressing when the deformation
ol the entire blade 1s generated, or only the minimum work
1s required even when the manual working or the like 1s
necessary, occurrence of the residual stress 1s suppressed,
deviation 1n the shape of the blade section 1s suppressed, and
it 15 possible to decrease the work cost. Moreover, since the
occurrence of the residual stress 1s suppressed during the
cooling step, when the unnecessary portions (burrs) of the
forging are removed 1n a deburring step or when the excess
thickness section 1s cut in the machining step, the release
amount of the residual stress 1s decreased, and 1t 1s possible
to suppress the occurrence of the warping, bending, or
twisting of the entire blade section. In addition, in the heat
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treatment step which 1s generally performed before the
machining step, even when the yield point 1s decreased due
to the heating, the release amount of the residual stress 1s
decreased, and 1t 1s possible to suppress the occurrence of
the warping, bending, or twisting of the entire blade section.
In addition, also when the forging 1s cooled after being
heated 1n the heat treatment step, since the temperature
difference between the portion having a thick plate thickness
and the portion having a thin plate thickness 1n the blade
length direction 1s decreased, the heat stress in the inner
portions of the blade section and the excess thickness section
does not easily occur, and 1t 1s possible to suppress the
occurrence of the local plastic deformation of the blade
section and the excess thickness section 1n the blade length
direction. Since the occurrence of the local plastic deforma-
tion 1s suppressed, the occurrence of the residual stress 1s
suppressed, and it 1s possible to suppress occurrence of
warping, bending, or twisting of the entire blade section.
In the forging step, 1t 1s preferable to mold the forging, 1n
which the excess thickness amount 1s substantially uniform

in the entire periphery of the cross section of the blade
section perpendicular to the blade length direction 1n at least
a portion of the blade section and the excess thickness
section 1n the blade length direction, by die forging.
Accordingly, 1n addition to above-described eflects, 1n the
cooling step after the forging step, even when a certain level
ol plastic deformation occurs on the blade tip side portion of
the forging in the blade length direction, since the excess
thickness amount of the blade tip side portion 1s greater than
the excess thickness amount of the blade base side portion,
t
t.

ne final shape of blade section satisfies the forging 1n which
1e plastic deformation 1s locally generated. As a result,
since 1t 15 not necessary to perform the processing which
returns the blade section to the shape similar to the shape of
the final blade section by cold working such as manual
working or simple pressing, 1t 1s possible to suppress the
residual stress generated due to the processing.

In the forging step, 1t 1s preferable to mold the forging, 1n
which the excess thickness amount 1n edge sections, which
are both end portions in the length direction of a cross
section perpendicular to the blade length direction 1n at least
a portion of the blade section and the excess thickness
section in the blade length direction, 1s greater than the
excess thickness amount 1n a maximum diameter section 1n
which the plate thickness of the blade section 1n the cross
section of the blade section 1s the thickest, by die forging.
Moreover, 1n the forging step, 1t 1s preferable to perform the
die forging so that the plate thickness of the forging in the
edge section of the cross section 1s equal to or more than the
plate thickness of the forging in the maximum diameter
section.

Accordingly, 1n the length directions of the cross sections
of the blade section and the excess thickness section of the
forging perpendicular to the blade length direction, the
difference 1n the thicknesses between the portion having a
thick plate thickness and the portion having a thin plate
thickness 1s substantially removed or decreased. Therefore,
since the temperature difference in the enftire forging 1s
decreased, 1n the cooling step which is the next step of the
forging step, heat stress does not easily occur 1n the mner
portions ol the blade section and the excess thickness
section, occurrence 1n the local plastic deformation 1n the
length direction of the cross section 1s suppressed, occur-
rence of the residual stress 1s suppressed, and 1t 1s possible
to suppress occurrence of warping, bending, or twisting of
the entire blade section.
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Moreover, 1n the method for manufacturing a turbine rotor
blade according to the present invention, in the forging step,
it 1s preferable to mold, with respect to the excess thickness
amount 1n edge sections which are both end portions 1n the
length direction of a cross section perpendicular to the blade
length direction 1n at least a portion of the blade section and
the excess thickness section 1n the blade length direction, the
forging 1n which the excess thickness amount of the side 1n
which the shape of the cross section 1s a concave shape 1s
smaller than the excess thickness amount of the side in
which the shape of the cross section 1s a convex shape, by
die forging.

Accordingly, since the degree of curvature in the length
direction of the cross sections of the blade section and the
excess thickness section perpendicular to the blade length
direction 1s decreased, even when heat stress occurs in the
cooling step, occurrence 1n the local plastic deformation 1n
the length direction of the cross section 1s suppressed,
occurrence of the residual stress 1s suppressed, and it 1s
possible to suppress occurrence of warping, bending, or
twisting of the entire blade section.

Moreover, 1n the method for manufacturing a turbine rotor
blade according to the present invention, 1n the forging step,
it 1s preferable to mold the forging, in which the excess
thickness amount of at least a portion of the excess thickness

section provided 1n the stub of a cross section perpendicular
to a blade length direction of the blade section and the excess
thickness section in the position at which the stub of the
blade section 1s formed 1s smaller than the excess thickness
amount of the excess thickness section provided 1n a portion
other than the stub of the cross section, by die forging.
Accordingly, 1t 1s possible to decrease the difference
between the area of the cross section of the forging perpen-
dicular to the blade length direction in the position at which
the stub 1s formed 1n the blade section, and the areas of the
cross sections at other positions. As a result, 1n the cooling
step which 1s the next step of the forging step, the heat stress
in the inner portion of the forging does not easily occur,
occurrence of the plastic deformation 1n the blade length
direction of the forging 1s suppressed, occurrence of the
residual stress 1s suppressed, and 1t 1s possible to suppress
the warping, bending, or twisting of the entire blade section.

Advantageous Effects of Invention

According to the present invention, 1t 1s possible to
provide a method for manufacturing a turbine rotor blade
wherein warping, bending, or twisting of the entire rotor
blade, which 1s provided with an excess thickness section
alter a forging step, 1s suppressed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic configuration view of a steam
turbine including a rotor blade according to a first embodi-
ment.

FIG. 2 1s a schematic view showing the rotor blade of the
first embodiment.

FI1G. 3 1s a flowchart showing a process for manufacturing
the rotor blade of the first embodiment.

FI1G. 4 15 a cross-sectional view of the rotor blade includ-
ing the excess thickness section aiter the forging in the first
embodiment.

FIG. 5 1s a graph showing an excess thickness amount at
cach cross-sectional location of the rotor blade including the
excess thickness section after the forging.
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FIG. 6 1s a view showing the excess thickness amount 1n
a specific cross-sectional location of the rotor blade includ-
ing the excess thickness section after the forging.

FIG. 7 1s a cross-sectional view of a rotor blade including,
an excess thickness section after forging 1n a second embodi-
ment.

FIG. 8 1s a cross-sectional view of a rotor blade including
an excess thickness section aifter forging in a third embodi-
ment.

FIG. 9 1s a cross-sectional view 1n a position at which a
stub 1s formed 1n a rotor blade including an excess thickness
section after forging 1n a fourth embodiment.

FIG. 10 1s a cross-sectional view of a rotor blade 1nclud-
ing an excess thickness section after forging 1n the related
art.

FIG. 11 1s a graph showing a plastic deformation amount
in a blade length direction of the rotor blade including the
excess thickness section after forging in the related art.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described 1n
detail with reference to the drawings.

First Embodiment

(Schematic Configuration of Steam Turbine 1)

FIG. 1 1s a schematic configuration view of a steam
turbine including a rotor blade according to a first embodi-
ment. Hereinafter, with reference to FIG. 1, an outline of a
structure of a steam turbine 1 according to the first embodi-
ment will be described.

As shown 1n FIG. 1, 1n the steam turbine 1, a casing 11 1s
formed 1n a hollow shape, and a rotor 12 which 1s a rotary
shaft 1s rotatably supported by a plurality of bearings 13.
Rotor blades 15 and stator blades 16 are disposed in the
casing 11. A plurality of the rotor blades 15 are fixed to be
arranged along the peripheral direction on the outer periph-
ery of a disk-shaped rotor disk 14 formed on the rotor 12. A
plurality of the stator blades 16 are fixed to be arranged
along the peripheral direction on the inner wall of the casing
11. The rotor blades 15 and the stator blades 16 are alter-
nately disposed along the axial direction of the rotor 12.

In addition, the rotor blades 15 and the stator blades 16 are
disposed in the casing 11, and thus, a steam passage 17
through which steam passes 1s formed. In the steam passage
17, a steam supply port 18 which 1s an inlet through which
the steam 1s supplied 1s formed, and a steam discharge port
19 which 1s an outlet through which the steam 1s discharged
to the outside 1s formed.

(Schematic Operation of Steam Turbine 1)

Next, with reference to FIG. 1, the outline of the operation
of the steam turbine 1 will be described.

The steam 1s expanded while the steam supplied from the
steam supply port 18 of the steam turbine 1 to the steam
passage 17 passes through the stator blades 16, and becomes
a high speed steam flow. The high-speed steam tlow passing
through the stator blades 16 1s sprayed to the rotor blades 15,
and rotates the plurality of rotor blades 15 and the rotor 12
to which the rotor blades are attached. For example, a power
generator or the like 1s connected to the rotor 12, the power
generator 1s driven by rotating the rotor 12, and thus, power
1s generated. The steam, which passes through the portion 1n
which the stator blades 16 and the rotor blades 15 of the
steam passage 17 are disposed, 1s discharged from the steam
discharge port 19 to the outside.
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(Structure of Rotor Blade 15)

FIG. 2 1s a schematic view showing the rotor blade of the
first embodiment. With reference to FIG. 2, the structure of
the rotor blade 15 of the first embodiment will be described.

As shown 1n FIG. 2, the rotor blade 15 includes a blade

base section 21, a platform 22, a blade section 23, and a

shroud 24.
The blade base section 21 1s embedded to the rotor disk
14, and thus, the rotor blade 15 i1s fixed to the rotor disk 14

by the blade base section. The platform 22 has a curved
plate-shaped material which 1s integrated with the blade base
section 21. In the blade section 23, the base end section 1s
fixed to the platiorm 22, the tip section extends to the inner
wall surface side of the casing 11, and the blade section 1s
twisted 1n the blade length direction. The shroud 24 1s fixed
to the tip section of the blade section 23, comes 1nto contact
with the adjacent shroud 24 of the rotor blade 15, and 1s a
member which fixes the rotor blade 15 or suppresses the
vibration of the rotor blade 13.

Moreover, protrusion-shaped stubs 235 are formed at the
approximately centers 1n the blade length direction 1n both
blade surfaces of the blade section 23. The stub 25 comes
into contact with the adjacent stub 25 of the rotor blade 15
and 1s a member which fixes the rotor blade 15 and sup-
presses the vibration of the rotor blade 15.

(Process for Manufacturing Rotor Blade 15)

FIG. 3 1s a flowchart showing a process for manufacturing,
the rotor blade of the first embodiment, and FIG. 4 1s a
cross-sectional view of the rotor blade including an excess
thickness section after forging 1n the first embodiment. With
reference with FIGS. 3 and 4, the process for manufacturing
the rotor blade 15 of the first embodiment, and particularly,
the process for manufacturing the blade section 23 of the
rotor blade 15 will be described.

The process for manufacturing the blade section 23
includes a forging step (Step S1), a cooling step (Step s2),
a deburring step (Step S3), a heat treatment step (Step S4),
and a machining step (Step S3).

In the forging step of Step S1, a forging material (for
example, stainless steel or the like) which 1s heated to a high
temperature of a recrystallization temperature 1s disposed in
one set of upper and lower molds which 1s processed to be
the shape of the blade section 23 including an excess
thickness section 31 as shown in FIG. 4, and hot-forging 1s
performed on the forging material. When the hot-forging
ends, as shown 1n FIG. 4, a forging having the shape of the
blade section 23 mncluding the excess thickness section 31 1s
molded. Next, the step proceeds to the cooling step of Step
S2.

In the cooing step of Step S2, the forging, which 1s
molded 1n the forging step and 1s 1n a high temperature state,
1s cooled. The forging 1s cooled to up the temperature
suitable for the deburring step which 1s the next step. Next,
the step proceeds to the deburring step of Step S3.

In the deburring step of Step S3, the unnecessary portions
(burrs) of the forging, which are formed 1n a case where the
forging material enters the gap between the upper and lower
molds or the like when the die forging 1n the forging step 1s
performed, are removed. Next, the step proceeds to the heat
treatment step of Step S4.

In the heat treatment step of Step S4, the heat treatment
1s performed on the forging, and thus, the residual stress
generated 1n the forging in the previous step (forging step)
and the heat stress generated in the forging in the cooling
process are released. Next, the step proceeds to the machin-
ing step of Step S5.
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In the machining step of Step S5, the excess thickness
section 31 of the forging 1s cut by cutting processing.
Moreover, 1n the machining step, the platform 1s formed on
the base end section side (blade base side) of the base section
23 and the shroud 24 1s formed on the tip section side (blade
tip side) thereof by the cutting processing. In this way, the
rotor blade 15 having the intended final shape 1s formed.
Thereatter, the required heat treatment (for example, solu-
tion treatment and aging treatment) 1s performed on the rotor
blade 15, and thus, the required mechanical characteristics
are applied to the rotor blade 15.

(Molding Method of Forging)

FIG. 5 1s a graph showing the excess thickness amount at
cach cross-sectional location of the rotor blade including the
excess thickness section after the forging. FIG. 6 1s a view
showing the excess thickness amount 1n a specific cross-
sectional location of the rotor blade including the excess
thickness section after the forging. With reference to FIGS.
4 to 6, the forging molded 1n the forging step of the first
embodiment will be described.

In the forging step in the process for manufacturing the
blade section 23 of the first embodiment, the forging is
hot-forged so that a distance (excess thickness amount) from
the blade surface of the blade section 23 to the surface of the
excess thickness section 31a 1s substantially uniform along
the entire periphery of the cross section of the blade section
23 and the excess thickness section 31 perpendicular to the
blade length direction, as shown 1n FIG. 4, and so that the
excess thickness amount, which 1s the thickness of the
excess thickness section 31, gradually increases toward the
blade tip side from a prescrlbed position (position of a K-K
cross section) 1n the blade length direction, as shown 1n FIG.
5. That 1s, as shown 1n FIG. 4, during the operation of the
steam turbine 1, the forging i1s hot-forged so that the excess
thickness amount on a pressure side of the blade section 23
in which the pressure of the steam is increased and the
excess thickness amount on a suction side in which the
pressure becomes a negative pressure with respect to the
pressure side are substantially uniform.

In FIGS. 5 and 6, an example 1s shown 1in which the excess
thickness amount gradually increases from the K-K cross
sectional location of the blade section 23 in the blade length
direction toward the blade tip side. FIG. 6 shows a C-C
cross-sectional view of the blade section 23, an F-F cross-
sectional view, and a K-K cross-sectional view. The excess
thickness amount of the excess thickness section 31 in the
C-C cross-sectional section 1s the greatest, the excess thick-
ness amount of the excess thickness section 31 1n the K-K
cross-sectional section 1s the smallest, and the excess thick-
ness amount of the excess thickness section 31 in the F-F
cross-sectional section 1s intermediate. Moreover, FIG. 4
shows the cross-sectional shape at any location from the
K-K cross-sectional location, at which the increase in the
excess thickness amount starts, to the tip section 1n the blade
section 23. In the related art, the excess thickness section of
the blade section 1s substantially uniform along the entire
blade surface regardless of the position of the cross section
in the blade length direction, and thus, an excess thickness
amount W1 of the excess thickness section 31 1n the blade
section 23 of the first embodiment 1s greater than an excess
thickness amount Wla of the excess thickness section 31a in
the blade section 23 in the related art.

In addition, 1n the present embodiment, as shown 1n FIG.
5, the position at which the increase 1n the excess thickness
amount of the blade section 23 starts 1s the K-K cross-
sectional location. However, for example, the position at
which the increase in the excess thickness amount of the
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blade section 23 starts 1n the blade length direction may be
any position (for example, any position between the base
end section of the blade section 23 and % position of the
length of the blade section 23 in the blade length direction,
or the like) from the base end section of the blade section 23
to the center section. The position at which the increase in
the excess thickness amount starts i the blade length
direction 1s not limited to this. For example, since the plate
thickness of the blade section 23 1s thinned from the base
end section to the tip section, the excess thickness amount
gradually increases from the N-N cross-sectional location of
the base end section toward the blade tip side. Alternatively,
the position at which the increase in the excess thickness
amount starts in the blade length direction may be any
position from the base end section of the blade section 23 to
the position at which the stub 25 1s formed.

Moreover, as shown 1n FIG. 5, the excess thickness
amount of the blade section 23 gradually increases linearly
from the prescribed position 1n the blade length direction
toward the blade tip side. However, the present invention 1s
not limited to this, the excess thickness amount may gradu-
ally increase based on an arbitrary change amount.

As described above, 1n the forging step in the process for
manufacturing the rotor blade 15, the forging i1s hot-forged
so that the excess thickness amount of the blade section 23
1s substantially uniform along the entire periphery of the
cross section of the blade section 23 and the excess thickness
section 31 perpendicular to the blade length direction, and so
that the excess thickness amount, which 1s the thickness of
the excess thickness section 31, gradually increases toward
the blade tip side from the prescnbed position 1n the blade
length direction. Accordingly, 1n the blade length direction
of the forging (the blade section 23 including the excess
thickness section 31) which 1s molded by the die forging in
the forging step, the difference in the thickness between a
portion having a thick plate thickness and a portion having,
a thin plate thickness 1s substantially removed or decreased.,
and thus, stiflness of the entire forging 1s improved. There-
fore, 1n the cooling step which 1s the next step of the forging
step, heat stress does not easily occur 1n the mner portions
of the blade section 23 and the excess thickness section 31,
and 1t 1s possible to suppress occurrence of local plastic
deformation of the blade section 23 and the excess thickness
section 31 in the blade length direction. Since the occurrence
of the local plastic deformation 1s suppressed, occurrence of
the residual stress 1s suppressed, and 1t 1s possible to
suppress occurrence ol warping, bending, or twisting of the
entire blade section 23. In addition, since processing which
returns the blade section to the state before the plastic
deformation 1s performed by cold working such as manual
working or simple pressing when the local plastic deforma-
tion 1s generated 1s not necessary, or minimum work 1s
required even when the working or the like 1s necessary,
occurrence of the residual stress 1s suppressed, deviation 1n
the shape of the blade section 23 1s suppressed, and it 1s
possible to decrease the work cost. Moreover, since the
occurrence of the residual stress 1s suppressed during the
cooling step, when the unnecessary portions (burrs) of the
forging are removed in the deburring step or when the excess
thickness section 31 1s cut 1n the machining step, the release
amount of the residual stress 1s decreased, and 1t 1s possible
to suppress the occurrence of the warping, bending, or
twisting ol the entire blade section 23. In addition, in the
heat treatment step which 1s generally performed betore the
machining step, even when the yield point 1s decreased due
to the heating, the release amount of the residual stress 1s
decreased, and 1t 1s possible to suppress the occurrence of
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the warping, bending, or twisting of the entire blade section
23. In addition, also when the forging 1s cooled after being

heated 1n the heat treatment step, since the temperature
difference between the portion having a thick plate thickness
and the portion having a thin plate thickness 1n the blade
length direction 1s decreased, the heat stress in the inner
portions of the blade section 23 and the excess thickness
section 31 does not easily occur, and 1t 1s possible to
suppress the occurrence of the local plastic deformation of
the blade section 23 and the excess thickness section 31 in
the blade length direction. Since the occurrence of the local
plastic deformation 1s suppressed, the occurrence of the
residual stress 1s suppressed, and it 1s possible to suppress
occurrence of warping, bending, or twisting of the entire
blade section 23.

Moreover, 1n the cooling step after the forging step, even
when a certain level of deformation 1n the entire blade
occurs on the blade tip side portion of the forging in the
blade length direction, since the excess thickness amount of
the blade tip side portion 1s greater than the excess thickness
amount of the blade base side portion, the final shape of the
blade section 23 satisfies the forging in which the deforma-
tion of the entire blade 1s generated. Accordingly, since a
processing margin remains on the blade tip side portion, 1t 1s
possible to machine (for example, cut) the processing mar-
gin. Therefore, since i1t 1s not necessary to perform the
processing which returns the blade section to the shape
similar to the shape of the final blade section 23 by cold
working such as manual working or simple pressing, 1t 1s
possible to suppress the residual stress generated due to the
processing.

Second Embodiment

With respect to a process for manufacturing a steam
turbine rotor blade of a second embodiment, differences
between the process for manufacturing the steam turbine
rotor blade of the first embodiment and that of the second
embodiment will be mainly described. The entire flow of the
process for manufacturing the rotor blade of the second
embodiment 1s similar to the entire flow of the process for
manufacturing the rotor blade of the first embodiment.

(Mold Method of Forging)

FIG. 7 1s a cross-sectional view of a rotor blade including
the excess thickness section after the forging in the second
embodiment. With reference to FIG. 7, the forging molded
in the forging step of the second embodiment will be
described.

In the forging step in the process for manufacturing the
blade section 23 of the second embodiment, the forging
(including the blade section 23 provided with an excess
thickness section 32) i1s hot-forged so that the excess thick-
ness amounts in edge sections 23a which are both ends 1n the
length directions of the cross sections of the blade section 23
and the excess thickness section 32 perpendicular to the
blade length direction are greater than the excess thickness
amount in a maximum diameter section 26 which 1s a
portion having the thickest plate thickness of the blade
section 23 1n the cross section, as shown 1n FIG. 7. That 1s,
distribution 1s assigned to the excess thickness amount on
the periphery of the cross section of the blade section 23 and
the excess thickness section 32 perpendicular to the blade
length direction. Specifically, 1in the forging step, the forging
1s hot-forged so that a plate thickness W3 of the forging in
the edge section 23a 1s equal to or more than a plate
thickness W2 of the forging in the maximum diameter
section 26. In this way, as shown 1 FIG. 7, the excess
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thickness amount 1n the maximum diameter section 26 of the
excess thickness section 32 in the second embodiment 1s

smaller than the excess thickness amount 1n the maximum
diameter section 26 of the excess thickness section 31 in the
first embodiment.

Moreover, similar to the first embodiment, also 1n the
second embodiment, in the forging step, the forging 1s
hot-forged so that the excess thickness amount gradually
increases from the prescribed position toward the blade tip
side of the forging in the blade length direction. However, 1n
the second embodiment, since the distribution 1s assigned to
the excess thickness amount on the periphery of the cross
section of the blade section 23 and the excess thickness
section 32 perpendicular to the blade length direction, the
forging may be hot-forged so that the average value of the
excess thickness amounts having the distribution gradually
increases ifrom the prescribed position toward the blade tip
side.

As described above, 1n the forging step in the process for
manufacturing the rotor blade 15, the forging i1s hot-forged
so that the excess thickness amounts 1n edge sections 23qa
which are both ends 1n the length direction of the cross
section of the blade section 23 and the excess thickness
section 32 perpendicular to the blade length direction are
greater than the excess thickness amount 1n the maximum
diameter section 26 which 1s a portion having the thickest
plate thickness of the blade section 23 in the cross section.
Specifically, 1n the forging step, the forging 1s hot-forged so
that a plate thickness W3 of the forging 1n the edge section
23a 1s equal to or more than a plate thickness W2 of the
forging 1n the maximum diameter section 26. That 1s, since
the excess thickness amount in the edge section 23aq having
a small plate thickness 1s increased and the excess thickness
amount 1n the maximum diameter section 26 having a great
plate thickness 1s decreased, the plate thicknesses in the
cross sections of the blade section 23 and the excess thick-
ness section 32 are substantially uniform over the entire
length direction. Accordingly, 1n the length directions of the
cross sections of the blade section 23 and the excess thick-
ness section 32 of the forging perpendicular to the blade
length direction, the difference 1n the thicknesses between
the portion having a great plate thickness and the portion
having a small plate thickness 1s substantially removed or
decreased. Therefore, 1n the cooling step which 1s the next
step of the forging step, heat stress does not easily occur 1n
the 1ner portions of the blade section 23 and the excess
thickness section 32, occurrence in the local plastic defor-
mation 1n the length direction of the cross section 1s sup-
pressed, occurrence of the residual stress 1s suppressed, and
it 1s possible to suppress occurrence of warping, bending, or
twisting of the entire blade section 23. Moreover, 1t 1s
needless to say that the second embodiment exerts opera-
tions and eflects similar to those of the first embodiment.

Third Embodiment

With respect to a process for manufacturing a steam
turbine rotor blade of a third embodiment, diflerences
between the process for manufacturing the steam turbine
rotor blade of the second embodiment and that of the third
embodiment will be mainly described. In addition, the entire
flow of the process for manufacturing the rotor blade of the
third embodiment 1s similar to the entire flow of the process
for manufacturing the rotor blade of the first embodiment.

(Mold Method of Forging)

FIG. 8 1s a cross-sectional view of a rotor blade including
the excess thickness section after the forging in the third
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embodiment. With reference to FIG. 8, the forging molded
in the forging step of the third embodiment will be

described.

In the forging step in the process for manufacturing the
blade section 23 of the third embodiment, the forging
(including the blade section 23 provided with an excess
thickness section 33) i1s hot-forged so that in the excess
thickness amounts in edge sections 23a which are both ends
in the length directions of the cross sections of the blade
section 23 and the excess thickness section 33 perpendicular
to the blade length direction, the excess thickness amount of
the pressure side in which the cross-sectional shape 1s a
concave shape 1s smaller than the excess thickness amount
of the suction side in which the cross-sectional shape 1s a
convex shape, as shown in FIG. 8. That 1s, distribution 1s
assigned to the excess thickness amount of the periphery of
the above-described cross section. Specifically, 1 the forg-
ing step, the forging 1s hot-forged so that the excess thick-
ness amounts Wda and W3a of the pressure side 1n which
the cross-sectional shape in the edge section 23a of the
forging 1s a concave shape are smaller than the excess
thickness amounts W4b and W3b of the suction side in
which the cross-sectional shape 1s a convex shape, respec-
tively. In addition, in the forging step, the relationship
between the plate thickness 1n the edge section 23a of the
forging and the plate thickness in the maximum diameter
section 26 of the forging i1s similar to that of the second
embodiment. Accordingly, a degree of curvature in the
length direction of the cross sections of the blade section 23
and the excess thickness section 33 perpendicular to the
blade length direction in the third embodiment 1s smaller
than the degree of curvature 1n the length direction of the
cross sections of the blade section 23 and the excess thick-
ness section 32 perpendicular to the blade length direction in
the second embodiment, and the cross sections of the blade
section 23 and the excess thickness section perpendicular to
the blade length direction are approximately rectangular
shapes.

As described above, 1n the forging step 1n the process for
manufacturing the rotor blade 15, the forging 1s hot-forged
so that 1n the excess thickness amounts 1n edge sections 23a
which are both ends in the length directions of the cross
sections of the blade section 23 and the excess thickness
section 33 perpendicular to the blade length direction, the
excess thickness amount of the pressure side in which the
cross-sectional shape 1s a concave shape 1s smaller than the
excess thickness amount of the suction side 1 which the
cross-sectional shape 1s a convex shape. According to this
processing, since the degree of curvature in the length
direction of the cross sections of the blade section 23 and the
excess thickness section 33 perpendicular to the blade length
direction 1s decreased, even when heat stress occurs 1n the
cooling step, occurrence in the local plastic deformation 1n
the length direction of the cross section 1s suppressed,
occurrence of the residual stress 1s suppressed, and 1t 1s
possible to suppress occurrence of warping, bending, or
twisting of the enftire blade section 23. Moreover, 1t 1s

needless to say that the third embodiment exerts operations
and eflfects similar to those of the first embodiment and

second embodiment.

Fourth Embodiment

With respect to a process for manufacturing a steam
turbine rotor blade of a fourth embodiment, differences
between the process for manufacturing the steam turbine
rotor blade of the first embodiment and that of the fourth
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embodiment will be mainly described. In addition, the entire
flow of the process for manufacturing the rotor blade of the
fourth embodiment 1s similar to the entire flow of the process
for manufacturing the rotor blade of the first embodiment.

(Forming Method of Forging)

FIG. 9 1s a cross-sectional view 1n a position at which a
stub 1s formed 1n a rotor blade including an excess thickness
section after the forging in the fourth embodiment. With
reference to FIG. 9, the forging which 1s molded in the
forging step of the fourth embodiment will be described.

FIG. 9 shows the cross sections of the blade section and
the excess thickness section 34 perpendicular to the blade
length direction at the position at which the stub 25 1is
formed 1n the blade section 23. In the forging step in the
process Tor manufacturing the blade section 23 1n the fourth
embodiment, the forging (including the blade section 23
provided with an excess thickness section 34) 1s hot-forged
so that the excess thickness amounts in the stubs 25 of the
cross sections of the blade section 23 and the excess thick-
ness section 34 perpendicular to the blade length direction at
the position at which the stubs 25 are formed in the blade
section 23 are smaller than the excess thickness amount of
a portion other than the stubs 235, as shown 1n FIG. 9. In FIG.
9. the excess thickness section, 1n which the excess thickness
amount 1s substantially uniform (as shown i FIG. 9, there
1s a portion 1n which the excess thickness amount cannot be
uniform due to the limitation by the die forging of the mold)
along the entire periphery of the cross section of the blade
section 23 1n the first embodiment, 1s defined as an excess
thickness section 34a. Accordingly, the areas of the cross
sections of the blade section 23 and the excess thickness
section 34 perpendicular to the blade length direction 1n the
position at which the stubs 25 are formed 1n the blade section
23 are smaller than the areas of the cross sections of the
blade section 23 and the excess thickness section 34a
perpendicular to the blade length direction 1n the position.

Therefore, the difference between the area of the cross
section of the forging perpendicular to the blade length
direction in the position at which the stub 25 i1s formed 1n the
blade section 23, and the areas of the cross sections at other
positions 1s smaller than the forging of the first embodiment.
Accordingly, 1n the cooling step which 1s the next step of the
forging step, compared to the first embodiment, occurrence
ol the heat stress in the mner portion of the forging 1s further
suppressed, occurrence of the plastic deformation 1n the
blade length direction of the forging i1s further suppressed,
occurrence of the residual stress 1s Turther suppressed, and 1t
1s possible to further suppress the warping, bending, or
twisting of the entire blade section 23.

In addition, 1n the first to fourth embodiments, the method
of manufacturing the rotor blade 135 is applied to the rotor
blade 1n the steam turbine. However, the present invention
1s not limited to this, and for example, the present invention
may be applied to the method of manufacturing the rotor
blade 1n other rotary machines such as a gas turbine.

Hereinbefore, the first to fourth embodiments are
described. However, the first to fourth embodiments are not
limited by the above-described contents. In addition, the
components of the first to fourth embodiments include
components which are easily conceived by a person skilled
in the art, components which are substantially same as the
components, and components within a so-called equivalent
range. Moreover, the above-described components may be
appropriately combined. In addition, various omissions,
replacements, and modifications may be applied to the
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components within a range which does not depart from the
g1st of the first to fourth embodiments.

REFERENCE SIGNS LIST

1: STEAM TURBIN.

11: CASING

12: ROTOR

13: BEARING

14: ROTOR DISK

15: ROTOR BLADE

16: STATOR BLADE

17: STEAM PASSAGE

18: SITEAM SUPPLY PORT

19: STEAM DISCHARGE PORT

21: BLADE BASE SECTION

22: PLAITFORM

23: BLADE SECTION

23A: EDGE SECTION

24: SHROUD

25: STUB

20: MAXIMUM DIAMETER SECTION

31, 31A, 32, 33, 34, 34A: EXCESS THICKNESS SEC-
TION

123: BLADE SECTION

131A: EXCESS THICKNESS SECTION

L1l

[T]

W1, Wla: EXCESS THICKNESS AMOUNT

W2, W3: PLATE THICKNESS

Wda, Wd4b, W5a, W5b: EXCESS THICKNESS
AMOUNT

The mvention claimed 1s:

1. A method for manufacturing a turbine rotor blade in
which a plurality of the rotor blades are fixed to be arranged
along the peripheral direction of a rotor on the outer periph-
ery of the rotor rotatably supported 1n a turbine, comprising:

a forging step of providing an excess thickness section on

a blade section of the rotor blade, and molding a

forging, in which an excess thickness amount which 1s

the thickness of the excess thickness section increases
from a prescribed position of the blade section 1n a
blade length direction toward a blade tip side, by die
forging;

a machining step of cutting the excess thickness section

from the forging and forming the blade section; and

a molding step of molding the forging, in which the excess

thickness amount 1s substantially uniform 1n the entire
periphery of a cross section of the blade section per-
pendicular to the blade length direction in at least a
portion of the blade section and the excess thickness
section 1n the blade length direction, by die forging in
the forging step.

2. The method for manufacturing a turbine rotor blade
according to claim 1, wherein the prescribed position 1s any
position between a base end section of the blade section and
a center section of the blade section.

3. The method for manufacturing a turbine rotor blade
according to claim 1, wherein the prescribed position 1s any
position between a base end section of the blade section and
a position of a stub which 1s formed on the blade section.

4. The method for manufacturing a turbine rotor blade
according to claim 1, wherein the prescribed position 1s any
position between a base end section of the blade section and
a position of ¥4 of the length of the blade section 1n the blade
length direction.
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